Abstract -Based on quantum field theory at finite temperature, we obtained new results for two-particle BoseEinstein correlation (BEC) function C 2 ( Q ) in case of light hadrons. The important parameters of BEC function related to the size of emitting source, mean multiplicity, stochastic forces range and correlation radius with the particle energy and the mass dependence, and the temperature of the source are obtained in analytical form for the first time. Not only is the correlation between identical bosons explored but also the off-correlation between non-identical particles is proposed.
INTRODUCTION
To explore the correlations of Bose-Einstein type (BEC), one needs to use the properties of a particle detector, e.g., its tracking system to study the hadron processes in some energy region. Such a study will be done soon in the next papers.
This paper describes an attempt to address the problems of BEC within the theoretical aspects prior to analysis of the real data.
Over the past few decades, a considerable number of studies have been done on the phenomena of multiparticle correlations observed in high-energy particle collisions (see the review in [1] ). It is well understood that the studies of correlations between produced particles, the effects of coherence and chaoticity, an estimation of particle emitting source size and the temperature play an important role in this branch of high-energy physics.
By studying the Bose-Einstein correlations of identical particles (e.g., like-sign charged particles of the same sort) or even off-correlations with respect to different charged bosons, it is possible to predict and even experimentally determine the time and spatial region over which particles do not have the interactions. Such a surface is called decoupling one. In fact, for an evolving system such as, e.g., collisions, it is not really a surface, since at each time there is a spread out surface due to fluctuations in the final interactions, and the shape of this surface evolves even in time. The particle source is not approximately constant because of energy-momentum conservation constraint.
More than half a century ago Hanbury-Brown and Twiss [2] used BEC between photons to measure the size of distant stars. In the papers [3] [4] [5] [6] [7] [8] [9] [10] , the master p p equations for evolution of thermodynamic system created at the final state of the (very) high multiplicity process were established. The equations have the form of the field operator evolution equation ) that allows one to gain the basic features of the emitting source space-time structure. In particular, it has been conjectured and further confirmed that the BEC is strongly affected by nonclassical off-shell effect.
The shapes of BEC function were experimentally established in the LEP experiments ALEPH [12], DELPHI [13] and OPAL [14] , and by ZEUS collaboration at HERA [15] , which also indicated a dependence of the measured so-called correlation radius on the hadron ( π , K ) mass. The results for π ± π ± and correlations with collisions at = 1.8 TeV were published by E735 collaboration in [16] .
One of the aims of this paper is to carry out the extended model of BEC in the framework of quantum field theory at finite temperature (QFT β ) approach to be applied later to real experimental data on two-particle BEC. It is known that the effective temperature of the vacuum or the ground state or even the thermalized state of particles distorted by external forces is occurring in models quantized in external fields. One of the main parameters of the model considered here is the temperature of the particle source under the random source operator influence.
Among the results obtained in this paper we mention a theoretical estimate accessible to experimental measurements of two-particle BEC and proof that quantum-statistical evolution of particle-antiparticle correlations is not an artifact of the standard formalism but quite a general property of particle physics. The 1. TWO-PARTICLE BEC A pair of bosons with the mass m produced incoherently (in ideal nondisturbed, noninteracting cases) from an extended source will have an enhanced probability
] to be measured (in terms of differential cross section σ ), where
(1) to be found close in 4-momentum space ᑬ 4 when detected simultaneously, as compared to the case where they are detected separately with (2) The following relation can be used to retrieve the BEC function C 2 ( Q ): (3) where N ij ( Q ) in general case refer to the numbers N ±± ( Q ) for like-sign charged particles (e.g., π ± π ± , K ± K ± , …); ( Q )-for different charged bosons (e.g., ,
, …) or even for neutral charged particles N 00 ( Q ) (e.g., π 0 π 0 , K 0 K 0 , …) with (4) In formulas (3) and (4) N ref is the number of pairs without BEC and ( i = 1, 2) are four-momenta of produced particles, M = is the invariant mass of the pair of bosons. For reference sample, N ref ( Q ), the like-sign pairs from different events can be used. It is commonly assumed that the maximum of two-particle BEC function ( Q ) is 2 for p 1 = p 2 if no any distortion and final-state interactions are taken into account.
In general, the shape of BEC C 2 ( Q ) function is model-dependent. The most simple form of Goldhaberlike parameterization for C 2 ( Q ) [18, 19] has been used for data fitting: (5) where C 0 is the normalization factor; λ is the so-called chaoticity strength factor, meaning λ = 1 for fully chaotic and λ = 0 for fully coherent sources; the parameter
R is interpreted as a radius of the particle source, often called the "correlation radius," and assumed to be spherical in this parameterization. The linear term in (5) is often supposed to be accounted for long-range correlations outside the region of BEC. However, the origin of these long-range correlations, as well as the value of ⑀, is unknown yet. Note that distribution of, e.g., pions and kaons can be far from isotropic, usually concentrated in narrow jets, and further complicated by the fact that the light particles with masses less than 1 GeV often come from decays of long-lived heavier resonances and also are under the random chaotic interactions caused by other fields in the thermal bath. In the parameterization (5) all of these problems are embedded in the random chaoticity parameter λ.
We obtained the C 2 (Q) function within QFT β approach [3] [4] [5] [6] [7] in the form (6) where ξ(N) depends on the multiplicity N as (7) The consequence of Bogolyubov's principle of weakening of correlations at large distances [20] is given by the function F(Q, ∆x) of weakening of correlations at large spread of relative position ∆x:
normalized as F(Q, ∆x = ∞) = 1. Here, f(Q, ∆x) is the two-particle distribution function with ∆x, while f(p i ) are one-particle probability functions with i = 1, 2; r f is a measure of weakening of correlations with ∆x: r f 0 as ∆x ∞.
The important parameter α in (6) summarizes our knowledge of other than space-time characteristics of the particle emitting source.
The
(Q) in (6) has the following structure in momentum space: (9) where (10) is the smearing smooth dimensionless generalized function, ᑬ µν is the (nonlocal) structure tensor of the space-time size (BEC formation domain), and it defines the spherically similar domain of emitted (produced) particles.
